The GAL22V10C: An Introduction

Prepared by: P. David Fisher and Diane T. Rover

This document has the following purposes:.

1.

It reviews some important digital-logic topics

previously learned including:

1.1. Tri-state buffers

1.2. Polarity conventions and terminol ogy

1.3. Graphical symbols

1.4.Flip flops

1.5. Sdlecting input and output-pin polarities

1.6. Programmable logic arrays (PLAS)

1.7. State-machine models

It provides an introduction to the specifications

and utility of the GAL22V 10C.

It provides an introduction to the tools needed to

program the GAL22V10C, including:

3.1. The CUPL language and compiler

3.2. The CSIM smulator and debugger

It demonstrates how:

4.1. Combinatorial logic designs can be
Implemented using the GAL22V10C

4.2. Sequential state-machine designs can be
Implemented using the GAL22V10C
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1. Tri-state buffers:

Truth Table
A B C D
X X 0 Z
0 0 1 0
C 0 1 1 0
1 0 1 0
1 1 1 1
A J\
B P
2. Polarity Conventions:

>|

- e —
B
e —

1=H (High Voltage)
O=L (Low Voltage)

:
Y

W >
O
Ol

I} Positive-Logic Convention

“Assart” may bel (H) or O (L)
“Not Asserted” may bel (H) or O (L)
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Example: A 2-of-4 Decoder

OE

)

Al

A0

ENAB

®

2-of-4
Decoder

Output Enableis*asserted” low

The decoder is“enabled” by being asserted low

The outputs are asserted low

Thetow-bit address lines use “positive logic.”
The above logic function can be drawn as follows:

OE

@)

QO

2-of-4
Decoder

O SEL-3.0

This decoder issaid to be a“combinatorial” logic

e ement.
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4. TheD- typeflip flop (latch).

Transtion Table

D —— D-FF — Q Present ‘ Next
Input Output
Dy | Qn+1=Dn
CLK — o— Q
AR
B. Theflip flop is positive-edge triggered

C. Theflip flop has an “asynchronousreset” (AR) which is
positively asserted.
D. Theflip flop has a*“synchronous preset” (SP) which is
positively asserted.
5. Sdecting Input and Output Polarities
Input Output
AorA s qu sala P%ﬂ > AoA
N

If P=0, A is sdlected.
If P=1, A issalected.
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The Programmable Logic Array (PLA)

PLA
k Or n

A —4 (Array)+ B

A =A0.k-1 B =B0..n-1

A istheinput dataword (k independent variables.) B isthe
output data word (n independent variables.)
B = f(A) in Sum-of-Products form.

Examples: BO=A1'A0' + ASA1AQ
B1=A3
B2=A1'A0 + A1A(Q’
B3=Al1+ A2 +A4 + A6

We often say that the PLA is composed of two planes: the
AND plane and the OR plane. The AND plane forms the
“product terms;” the OR plane forms the “ sum-of-
products.”
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1.Coin-Sorter Demo

Functional Requirements

A combinatorial logic circuit must be designed and
Implemented using a GAL22V10C to meet the
following functional specifications:

1.

2.
3.
4

o U

~

There are five input pins (d, n, oe2, 'oel, and
0e0) and three output pins (Q2, Q1, and QO).
The“d” input representsadime.

The“n” input represents a nickd.

The remaining three inputs (0e2, 'oel, and o0e0)
control the tri-state logic for outputs Q2, Q1,
and QO, respectively.

Q2 isassarted if anickel and adime are present.
Qlisasserted if anickd or adime are present.
QO is asserted if a nicke is present but not a
dime.
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Nane Demo for a GAL22V10C (D P);

Part no Deno_01,;

Revi si on 01;

Dat e 7/ 14/ 98;

Desi gner P. David Fisher;

Conpany Spartan Enbedded Technol ogies @M chigan State University;

Assenbl y Pr ot ot ype;
Locati on 3230 EB;
Devi ce GAL22Vi0C (DI P);

/**********************************************************************/

/* This *.pld file denonstrates the use of basic |ogic equations in */

/* describing the I/O behavior of a conbinatorial logic circuit. */
/**********************************************************************/

/** Alowabl e Target Device--GAL22VIOC (DI P) ks s ssksonsk sk shonsknss |

/** I nputs ************************************************************/

Pin 4 =d; /* Dne */

Pin 5=mn; /* Nickel */

Pin 11 = o0e2; /* Tri-state output enable */

Pin 10 = '!oel; /* Tri-state output enable (Note negative logic) */
Pi n 9 = 0e0; /* Tri-state output enable */

/** OJt puts ***********************************************************/

Pin 16 = Q; /* N ckel and dine */

Pin 15 = QL; /* N ckel or dime */

Pin 14 = Q0; /* N ckel and not dine */

/** Declarations and Internedi ate Variable Definitions--None used *****/

[** State Description for Mealy Machi ne--None used ****x**x*kxkkxkkxkkx]
[** State Description for Mbore Machi ne--None used ****x**x*kxkkxkkxkkx]

/** Conbinatorial /O Logic Equations and/or Truth Tabl es ******x*x*xx*%xx/

@ =n &d; /* Nckel and dinme */
QL =n#d;, /* Nckel or dine */
Q@ =n&!'d; /* Nickel and not dine */

/** Logi c Equations for Dynamically Configuring PLD ******x*kxkkxkkkkkx]
@.o0e = o0e2; /* Tri-state output enable */
QL. oe oel; /* Tri-state output enable */
Q0. oe 0e0; /* Tri-state output enable */
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Nane Demo for a GAL22V10C (D P);

Part no Deno_01,;

Revi si on 01;

Dat e 7/ 14/ 98;

Desi gner P. David Fisher;

Conpany Spartan Enbedded Technol ogies @M chigan State University;

Assenbl y Pr ot ot ype;
Locati on 3230 EB;
Devi ce GAL22Vi0C (DI P);

/**********************************************************************/

/* This *.pld file denonstrates the use of basic |ogic equations in */

/* describing the I/O behavior of a conbinatorial logic circuit. */
/**********************************************************************/

/** Alowabl e Target Device--GAL22VIOC (DI P) ks s ssksonsk sk shonsknss |

Order:
n, %, d, %, oe2, %, !oel, %, o0e0, %, @, %, QL, R, Q ;
Vectors:
$nsg " ! "
$nsg " n d o o o Q Q Q;
$nsg " e e e 2 1 07
$nsg " 2 1 0 "
$nsg " ",
11 0 1 0 Z Z Z
0 01 0 1 L L L
1 0 1 0 1 L H H
0 1 1 0 1 L H L
1 1 1 0 1 H H L
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Nane Demo for a GAL22V10C (D P);

Part no Deno_02;

Revi si on 01;

Dat e 7/ 14/ 98;

Desi gner P. David Fisher;

Conpany Spartan Enbedded Technol ogies @M chigan State University;

Assenbl y Pr ot ot ype;
Locati on 3230 EB;
Devi ce GAL22Vi0C (DI P);

/**********************************************************************/

/* This *.pld file denonstrates the use of basic |ogic equations in */

/* describing the I/O behavior of a conbinatorial logic circuit. */
/**********************************************************************/

/** Alowabl e Target Device--GAL22VIOC (DI P) ks s ssksonsk sk shonsknss |

/** I nputs ************************************************************/

Pin 4 =d; /* Dne */

Pin 5=mn; /* Nickel */

Pin 11 = o0e2; /* Tri-state output enable */

Pin 10 = '!oel; /* Tri-state output enable (Note negative logic) */
Pi n 9 = 0e0; /* Tri-state output enable */

/** OJt puts ***********************************************************/

Pin 16 = Q; /* N ckel and dine */
Pin 15 = QL; /* N ckel or dime */
Pin 14 = Q0; /* N ckel and not dine */

/** Declarations and Internmedi ate Variable Definitions ***x**x*kxkkxxkx]
Field input = [n,d]; /* Declare new variable "input" */
Field output = [@..0]; /* Declare new variable "output” */

[** State Description for Mealy Machi ne--None used ****x**x*kxkkxkkxkkx]
[** State Description for Mbore Machi ne--None used ****x**x*kxkkxkkxkkx ]

/** Conbinatorial /O Logic Equations and/or Truth Tabl es ******x*x*x*x%xx/
Tabl e i nput => out put {

0=>0, 1=>2;, 2=>3;, 3=>6; /* Default is hex code for nunbers */

}

/** Logi c Equations for Dynamically Configuring PLD ******x*kxkkxkkkkkx]
@.o0e = o0e2; /* Tri-state output enable */
QlL.oe = oel; /* Tri-state output enable */
Q@.o0e = 0e0; /* Tri-state output enable */
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Nane Demo for a GAL22V10C (D P);

Part no Deno_03;

Revi si on 01;

Dat e 7/ 14/ 98;

Desi gner P. David Fisher;

Conpany Spartan Enbedded Technol ogies @M chigan State University;

Assenbl y Pr ot ot ype;
Locati on 3230 EB;
Devi ce GAL22Vi0C (DI P);

/**********************************************************************/

/* This *.pld file denonstrates the use of basic |ogic equations in */

/* describing the I/O behavior of a conbinatorial logic circuit. */
/**********************************************************************/

/** Alowabl e Target Device--GAL22VIOC (DI P) ks s ssksonsk sk shonsknss |

/** I nputs ************************************************************/

Pin 4 =d; /* Dne */

Pin 5=mn; /* Nickel */

Pin 11 = o0e2; /* Tri-state output enable */

Pin 10 = '!oel; /* Tri-state output enable (Note negative logic) */
Pi n 9 = 0e0; /* Tri-state output enable */

/** OJt puts ***********************************************************/

Pin 16 = Q; /* N ckel and dine */

Pin 15 = QL; /* N ckel or dime */

Pin 14 = Q0; /* N ckel and not dine */

A=n&d; /* Internediate variable A */
B=n#4d; /* Internediate variable B */
C=n&!d; /* Internediate variable C */

/**********************************************************************/
/* Note: These three internediate variables were not required. They */

/* were inserted here only to denonstrate the principle. Defining */

/* themcould be used to sinplify the logic statenents that follow */
/**********************************************************************/

[** State Description for Mealy Machi ne--None used ****x**x*kxkkxkkxkkx]
[** State Description for Mbore Machi ne--None used ****x**x*kxkkxkkxkkx]

/** Conbinatorial /O Logic Equations and/or Truth Tabl es ******x*x*x*x%xx/

Condi tion {
If Aout @ out Q1
If B out Q1;
If Cout QL out U,

}

/** Logi c Equations for Dynamically Configuring PLD ******x*kxkkxkkxkkx]
@.o0e = o0e2; /* Tri-state output enable */
QlL.oe = oel; /* Tri-state output enable */
Q@.o0e = 0e0; /* Tri-state output enable */
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Fire-Control Demo

Functional Requirements

A state machine must be designed and implemented
using the GAL22V10C to satisfy the following
reguirements.

1.

2.

The state machine has four symbolic states. SO,
S1, S2, and S3.

State SO isreferred to as the “idle state.” When
In this state, the output pin “lidle’ is asserted
and no other outputs are asserted.

If while in state S0, the “arm” input pin is
asserted and not the “cance” input pin, then
there is a trangition to S1 on the next positive
edge of the clock.

Sl is referred to as an “intermediate state.” No
outputs are asserted, and, there is a transition to
S2 on the next positive edge of the clock.

S2 isreferred to as the “armed state.” While in
this state, the “ready” output pin is the only
output that is asserted.

The state machine remains in S2 unless one of
two conditions occurs:
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1.

8.

0.

10.

6.1.1f the“cancel” input pin is asserted, the state
machine returns to 0.

6.2.1f the “fire In” input pin is asserted and not
the “cancel” input pin, the state machine
goes to S3. S3 is referred to as the “fire
state.”

While in S3, the “ready” and “fire out” output

pins are the only ones that are asserted. After

one clock cycle the state machine

unconditionally returnsto S0.

Thetri-state logic for all outputsis controlled by

a.common input pin named “!oe.”

The asynchronous reset of the internal register is

controlled by an input pin named “reset.”

The synchronous preset of the internal register

IS controlled by an input pin named “ preset.”

Perfor mance Requirement

Our customer wants this fire-control processor to be
able to cycle through the four states with a 20 ns
maximum elapsed time. Will the GAL22V10C
satisfy this requirement? Justify your answer. If it
does not, do you have a recommendation for an
alternative IC.

16 gal_lect f98.doc



Name Demo_04;

Part no Denmo_04_gal 22v10;

Revi si on 01

Dat e 7/ 14/ 98;

Desi gner P. David Fisher

Conpany Spartan Enbedded Technol ogies @M chigan State University;

Assenbl y Pr ot ot ype
Locati on 3230 EB;
Devi ce GAL22Vi0C (DI P);

/**********************************************************************/

/* This *.pld file denonstrates how to i nplement a state machi ne. */
/**********************************************************************/

/** Alowabl e Target Device--GAL22VIOC (DI P) ks s sssskonsk sk ssonsknss |

/** I nputs ************************************************************/

Pi n 1 =clk; /* dock input */

Pi n 2 = reset; /* Asynchronous reset of the internal register */

Pi n 3 = preset; /* Synchronous preset of the internal register */

Pi n 4 =1loe; /* Tri-state output enable */

Pi n 5 =arm /* Load the amunition */

Pi n 6 = cancel; /* Renove the ammunition and return to idle state */
Pi n 7 =fire_in; /* Fire one round and then return to idle state */

/** OJt puts ***********************************************************/

Pin 14 =1lidle; /* Control systemis in the idle state */
Pin 15 = ready; /* Amunition has been | oaded */

Pin 16 = fire out; /* Fire one round of anmmunition */

Pin 17 = A, /* State variable */

Pin 18 = B; /* State variable *

/** Declarations and Internedi ate Vari abl es ******xxkkkxkkkxkkkxkkkxrrk/
Field state = [A B]; /* The state vector has two bits */

$Define SO 'b' 00 /*The idle state */

$Define S1 'b'01 /*The internediate state */

$Define S2 'b' 10 /*The ready state */

$Define S3 'b'11 /*The fire state */

[** State Description for Mealy Machi ne--None used ****x**x*kxkkxkkxkkx]

/** St ate DeSCt‘I ptl on fOf I\/bOI‘e MiChI ne *******************************/
Sequence state {

Present SO
If cancel next SO; /* Stay in idle state */
If lcancel & armnext Sl1; /* Go to internmediate state */
Qut idle; /* Idle output is asserted */

Present S1
Next S2; /* Unconditionally go to the ready state */

Present S2
If cancel next SO; /* Cancel mission and return to idle state */
If 'cancel & !fire_in next S2; /* Wait for next command */
If 'cancel & fire_in next S3; /* Fire the amunition */
Qut ready; /* Ready output is asserted */
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Present S3
Next SO; /* Unconditionally return to the idle state */
Qut ready Qut fire_out; /* Ready & fire_out outputs asserted */

}
/** Conbinatorial I/0O Logic Equations and/or Truth Tabl es--not used **/

/** Logi c Equations for Dynamically Configuring PLD ******x*kxkkxkkxkkx]
idle.oe = oe; /* Tri-state output enable */

ready.oe = oe; /* Tri-state output enable */

fire_out.oe = oe; /* Tri-state output enable */

A.oe = oe; /* Tri-state output enable */

B.oe = oe; /* Tri-state output enable */

state.ar = reset; /* Asynchronous reset of register */

state.sp preset; /* Synchronous preset of register */
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Name Deno_04;

Part no Denmo_04_gal 22v10;

Revi si on 01;

Dat e 7/ 14/ 98;

Desi gner P. David Fisher;

Conpany Spartan Enbedded Technol ogies @M chigan State University;

Assenbl y Pr ot ot ype;
Locati on 3230 EB;
Devi ce GAL22Vi0C (DI P);

/**********************************************************************/

/* This *.pld file denonstrates how to i npl ement a state machi ne. */
/**********************************************************************/

/** Alowabl e Target Device--GAL22VIOC (DI P) ks sssshkshonsk sk shonknss |

O der:
clk, 9%, reset, 9%, preset, %, !oe, %, arm %, cancel, %,
fire_in, %, A %, B, 9%, !idle, 9%, ready, %, fire_out;

Vect or s:
$nsg " cr p! a c¢c f A B! r f";
$nsg " Il e r o r a i i e i";
$nsg " k s e e mn r d a r ";
$nsg " e s c e I d e ";
$nsg " t e e e y _ "
$nsg " t I o";
$nsg " n u'";
$nsg " t "

0O 0 01 0o 0 O Z Z Z Z Z

0 1 0 0 0 0O O L L L L L

C 01 0o 0O O O HHHHH

0 1 0 0 0 O O L L L L L

C 0 0 OO OO L L L L L

C 0 0 0O1 O O L HHL L

C 0 0 0 X 0 X H L HHL

C 0 0 0 X 1 X L L L L L

C 0 0 01 0 X L HHL L

C 0 0 0 X 0 X H L HHL

C 0 0O X 0 O H L HHL

C 0 00O X 0 1 HHHHH

C 0 0 0 X 0 X L L L L L

C 01 o 0O O O HHHHH

0 1 0 0 0 O O L L L L L
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